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Abstract Non-invasive ventilation (NIV) ismore andmore used.Some failures of the technique have beenreported,
and efforts are needed to understand them.Collaboration (inspiratorybehaviour) of the patientduring NIV could play a
role in the success ofthis technique.Wehave studied the influence ofthis one onthe efficiencyof NIV.While ventilating10
stable chronic obstructive pulmonary disease patients with a nasal pressure support ventilation (PSV), we measured
their flow and volumewith a pneumotachograph and oesophageal and gastric pressures during three different respira-
tory voluntary behaviours: relaxed inspiration, active inspiratory effort and resisted inspiration.We showed that when
comparedwiththe relaxed inspiration: (a) Active inspiratoryeffort increases slightlyminute ventilation from14.874.7 to
15.4174.19 during PSV10/0 without change of breathing frequency but with an important increase of inspiratory work
(WOB) from14.4779.43 to 28.55725.35 J/min (P=0.008).PEEPiincreaseswith activebehaviourduring PSV butnotduring
BiPAP. (b) A resisted inspiration decreases inspiratory work (to 7.5378.6 J/min) at the price of a decrease of the minute
ventilationto11.4774.20 l/min(P=0.06).Results of ventilation,PEEPi andworkparameterswere identical during thebile-
velpressure support (15/5 cmH2O).TheaimsofNIVbeing toincreaseventilationandunloadtheinspiratorymuscles, our
results suggestthatduringNIV, a relaxed spontaneousbreathingispreferable.These differencesbetweentheinspiratory
behaviours could affectthe expectedbenefits of PSVin acutely ill patients.r2002 Elsevier Science Ltd.Allrights reserved.
doi:10.1053/rmed.2002.1336, available online at http://www.idealibrary.comon
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Non-invasive ventilation (NIV) may bring considerable
bene¢ts in the treatment of acute respiratory failure,
especially in patients with chronic obstructive pulmon-
ary disease (1^3). Randomized controlled trials have de-
monstrated the ability of NIV to decrease the need for
endotracheal intubation and complications, hospital stay
and mortality. Pressure support ventilation (PSV) is
widely used for non-invasive ventilation (3^5).Thismode
of ventilation if well used normally should result in an in-
crease of the minute ventilation with a reduction in
spontaneous respiratory frequency and a decrease in
the work of breathing. A number of failures of the tech-
nique have been reported, and e¡orts are needed to un-
derstand them.Collaboration of the patient during NIV
could perhaps play a role in the success of this technique
of ventilation.Received14 February 2002, accepted in revised form 4March 2002.
Correspondence should be addressed to:Dr Vanpee Dominique,
Emergency department,Universite¤ Catholique de Louvain,Mont-
Godinne Hospital, 5530 YVOIRBelgium.Fax: 32 81423115;
E-mail: dominique.vanpee@rean.ucl.ac.beAll COPD patients do not breathe similarly during
pressure support ventilation: some breathe actively by
driving the ventilator during thewhole inspiration, some
resist against ventilator and some are relaxed and
breathe as usual but with the inspiratory pressure sup-
port. Do these di¡erent inspiratory behaviours a¡ect
the e⁄ciency of PSV? In a preliminary work, we showed
that, in spontaneously breathing, normal subjects during
NIV an actively pulled inspiratory behaviour increases
the ventilation at the price of an increased inspiratory
work and air trapping while a resisted behaviour de-
creases both ventilation and inspiratory work (6). In the
present investigation we have studied the in£uence of
the respiratory behaviour on ventilation, respiratory
work and intrinsic PEEP during NIV in COPD patients.
MATERIALSANDMETHODS
The study has been carried out in 10 stable COPD pa-
tients (nine males and one female). The diagnostic of
COPD was con¢rmed by clinical history and previous
pulmonary function tests according to European
TABLE 1. Anthropometric and functional characteris-
tics of patients in study*
Characteristics Results
Age (yr) 63+10
Weight (kg) 76.4+19.8
Height (cm) 166+5
FVC (%pred) 76+18
FEV1 (%pred) 32+17
DLCO (%) 43+20
KCO (%) 62.6+31
pH 7.41+0.04
PaO2 (mmHg) 68.1+6.85
PaCO2 (mmHg) 42.2+7.7
*Valuesgiven asmean +SD.
710 RESPIRATORYMEDICINERespiratory society (ERS) (7).When the patients were
recruited for the study, all patients were in stable condi-
tion, as assessed by their arterial blood gas values and
pH (47.35), and had been free from exacerbation for at
least10 days.
Anthropometric and functional characteristics of the
patients in the study are shown inTable1.Results of func-
tional characteristics are expressed as % of normal va-
lues according to predicted values for lung variables
proposedby the EuropeanCommunity forCoal and Stell
(ECCS) (8).This study protocol was approved by the In-
stitutional Ethics Committee. They gave their informed
consent to participate in the study.
Measures (Fig.1)
Breathing parameters
Air £ow (v0) wasmeasuredwith a Fleisch pneumotacho-
graph connected to a di¡erential pressure transducer
(Validyne DP 4575).Volume (V) was obtained from nu-
merical integration of the £ow signal.Minute ventilation
(Ve), tidal volume (Vt), and respiratory frequency (f ) were
calculated as average values from 1-min continuous re-
cordings of £ow and volume.
Mechanic parameters
Changes in pleural (Ppl) and abdominal (Pab) pressures
were measured from oesophageal (Pes) and gastric (Pga)FIG. 1. Schematic representation of equipment set-up.pressures, respectively, Both Pes and Pga weremeasured
using a cathetermounted (110 cm length, 2.1mmexternal
diameter) with two manometric transducer sensors
(Gaeltecs) and connected to a Medatech ampli¢er
(Brussels, Belgium).This systemhas recentlybeen shown
to be reliable for acute changes in respiratory pressures
and studies of respiratory muscles strength (9). Trans-
diaphragmatic (Pdi) pressurewas obtainedby subtracting
Pes from Pga. Data from these measurements were
acquired and processed with a commercialized respira-
tory software (Anadat 5.2, D. Bates, Montre¤ al, 1995)
which calculates the work of breathing by the method
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from Pes and volume and transdiaphragmatic work (Wdi)
was calculated from the Pdi and volume.Dynamic intrin-
sic PEEP (PEEPi dyn) wasmeasured as the amount of ne-
gative de£ection in Ppl preceding the start of the
inspiratory £ow (11,12).When present, the concomittant
decrease of Pgas was subtracted from PEEPi dyn. Indeed,
if the expiratory muscles contract during expiration,
part of the decrease in pleural pressure at the onset of
inspiration can be caused not only by the contraction of
the inspiratory muscles but also by the relaxation of the
expiratorymuscles (11).
PTPdi was obtainedbymeasuring the area under Pdivs
time relationship (13).We used the pressure ^time pro-
duct as an index of inspiratory muscle activity since it
has been shown to be correlated with the oxygen con-
sumption of the inspiratorymuscles (14).
Experimental procedure
After topical anaesthesia (xylocaine spray 10%), the ca-
theter was inserted through the nose into the stomach.
Physiologicalmeasurements during spontaneous breath-
ingwereperformedwhen thepatient appeared to be re-
laxed, then a customized nose mask was applied to
support nasal ventilation. Spontaneously breathing sub-
jectswere submitted to PSVof10 cmH2Oand to abilevel
pressure support ventilation with an inspiratory pres-
sure of 15 and an expiratory pressure of 5 cm H2O with
a BiPAP (Respironics S/T-D20).
Themeasurementswereperformed and standardized
under the following three conditions:
(1) The relaxed inspiration (the patient is in-
structed to breathe as usually and relaxed but with the
help of PSV.
(2) The active inspiratory e¡ort (the patient is in-
structed to activelyhelp therespirator by a simultaneous
inspiratory e¡ort).
(3) The resisted inspiration (the patient is instructed
to passively resist to the insu£ation of the PSVmachine).
Between every measure the patient breathed normally
without ventilator during 5min.
The di¡erence between active and resisted inspira-
tionshasbeencheckedonpleuralpressure: themeasure-
ments were begun in a relaxed behaviour, and the
inspiratoryde£ection of oesophageal pressure recorded;
the subjects were then asked to actively assist the pres-
sure support or to passively resist: the active behaviour
was con¢rmedby an increased de£ection of Pes and then
resisted by a less negative de£ection or a progressively
more positive Ppl during expiration. Patients were
instructed to keep their mouth closed. The NIV was
delivered via a portable ventilator (BIPAP S/T-D20
Respironics) during spontaneous breathing.Themaximal
£ow of this ventilator is 2801/min. Even during activelypulled inspiration none of the patients were able to in-
spire thismaximal inspiratory £ow.
Transcutaneous pulse oxymetry was performed dur-
ing thewhole procedure for safety.
Data analysis
All variables were passed through an analog-to-digital
converter to a personal computer. The mean value of
each physiologic variable from 1min of recording was
used for the subsequent analysis. Numerical variables
are expressed as mean7 standard deviation, and were
comparedby a two-way analysis of variance for repeated
measurements, taking into account the three conditions
of inspiration and the two pressure modalities 10/0 and
10/5, performedby DATASIM statistical software (Desk-
top press, Lewiston,Maine).
RESULTS
Check-up of inspiratory behaviour
If all COPD patients were able to perform easily a re-
laxed inspiration and an active inspiratory e¡ort, the re-
sisted breathing was less homogeneous: 7/10 breathed in
a constant and synchronouswayby resisting to the pres-
sure of the ventilator, 3/10 had an asynchronous beha-
viour (see later).
With PSV10/0, themean inspiratory de£ection of oe-
sophageal pressure was 17.478 SDH2O during relaxed
inspiration, 31.8714 cmH2O during active inspiratory
e¡ort and 7.574.2 cmH2O during resisted inspiration.
Di¡erences between each of the inspiratory behaviours
were statistically signi¢cant (P=0.002). During resisted
inspiration the trigger inspiratory pressure was
371.8 cmH2O.
With PSV15/5, the mean inspiratory de£ection of oe-
sophageal pressure was 12.5710 SD cmH2O during re-
laxed inspiration, 28.2714.2 cm H2O during active
inspiratory e¡ort and 8.2572.9 cm H2O during resisted
inspiration. Di¡erences between each of the inspiratory
behaviours were statistically signi¢cant (P=0.002). Dur-
ing resisted inspiration the trigger inspiratory pressure
was3.874 cmH2O.
Breathing andmechanic parameters
During nasal pressure support, when compared to re-
laxed inspiration:
(A) An active inspiratory e¡ort increased slightly tidal
volume from 9427428 to 11377553ml during PSV 10/0
and from 9877429 to11577486 during PSV15/5 (0.068)
(Fig. 2), and minute ventilation from 14.8174.73 to
15.4174.19 and from 14.1274.26 to 15.9774.93 l/min
during PSV10/0 and15/5 (NS), without signi¢cant change
FIG. 2. In£uence of respiratorybehaviour (relaxed inspiration, active inspiratorye¡ort andresisted inspiration) onthe tidalvolume
duringnon-invasive pressure support (10/0 and15/5) in COPD patients.Data are expressed asmean7SEM.
FIG. 3. In£uence of respiratory behaviour (relaxed inspiration, active inspiratory e¡ort and resisted inspiration) on the inspiratory
work (WOB/min) duringnon-invasive pressure support (10/0 and15/5) in COPD patients.
712 RESPIRATORYMEDICINEof respiratory frequency (17.375.8 to 15.475.8 and
16.075.8 to15.074.4Cy/min).
Inspiratory workby litre (WOB/l) andbyminute (WOB/
min) (Fig. 3) increased, respectively, from 0.9470.53 to
1.7771.29 J/l (P=0.02) and from 14.4779.43 to
28.55725.35 J/min (P=0.008) during PSV 10/0, and from
0.7570.50 to 1.7671.22 J/l (P=0.02) and from 11.1978.33
to 28.48722.92 J/min (P=0.008) during PSV15/5.
Transdiaphragmatic work by litre (Wdi/l) and by min-
ute (Wdi/min) (Fig. 4) increased, respectively, from
1.0670.45 to 1.7370.86 J/l (Po0.001) and from
16.1378.3 to 26.97715.83 J/min (P=0.003) during PSV10/
0 and from 0.9470.48 to1.9371.19 J/l (P=0.001) and from
13.6977.54 to 30.80721.81J/min during PSV 15/5
(P=0.003). PTPdi/min increased from 218786 to 3257
128 cm H2O. s/min and from 188786 to 3367135, re-
spectively, during PSV10/0 and15/5 (P=0.006) (Fig. 5).
Intrinsic positive end expiratory pressure increased
from 5.676.0 to 9.375.7 cm H2O during PSV 10/0
(P=0.008) but only from 3.373.8 to 4.674.8 during Bi-PAP 15/5 (di¡erence between 10/0 and 15/5: Po0.001)
(Fig. 6).
Corrected PEEPi too increased from 3.473.8 to
774 cm H2O (P=0.001) during PSV 10/0 but only from
2.372.8 to 3.573.7 cm H2O during BiPAP 15/5 (di¡er-
ence between10/0 and15/5:Po0.001) (Fig. 6).
(B) During the attempts of resisted inspiration: Three
patients had di⁄culties to perform a stable resisted in-
spiration.They breathed asynchronously with the venti-
lator. Most of the inspirations were performed by
resisting to the pressure of the respirator, but between
them, the patient made some great compensatory in-
spirations. In the analysis of the results of these threepa-
tients, these actively pulled cycles were removed from
the analysis.
A resisted inspiration did not decrease signi¢cantly
the tidal volume to 7247398 and 7067283ml, respec-
tively, during PSV 10/0 and 15/5cm H2O (Fig. 2). Minute
ventilation decreased to 11.4774.20 and 12.0173.78 l/
min, respectively, with PSV10/0 and BiPAP15/5 (P=0.06),
FIG. 4. In£uence of respiratory behaviour (relaxed inspiration, active inspiratory e¡ort and resisted inspiration) on the transdiaph-
ragmatic work (Wdi/min) duringnon-invasive pressure support (10/0 and15/5) in COPD patients.
FIG. 5. In£uence of respiratory behaviour (relaxed inspiration, active inspiratory e¡ort and resisted inspiration) on the pressure^
time product (PtPdi/min) duringnon-invasive pressure support (10/0 and15/5) in COPD patients.
FIG. 6. In£uence of respiratory behaviour (relaxed inspiration, active inspiratorye¡ort and resisted inspiration) on the intrinsic po-
sitive end expiratorypressure (PEEPi) (cmH2O), the corrected intrinsic positive end expiratorypressure (PEEPic) duringnon-invasive
pressure support (10/0 and15/5) in COPD patients.
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7.5378.6 to 5.877.1J/min, respectively, (NS)) (Fig. 3) and
ofWdi/min (from 7.8977.40 to 7.8277.21J/min (P=0.099)
(Fig. 4). Similarly, PTPdi/min decreased to1257129 and to
1337107 cm H2O sec/min during PSV 10/0 and 15/5, re-
spectively (P=0.001) (Fig. 5).
PEEPi and PEEPic (Fig. 6) remainedunchanged from the
relaxed to the resisted behaviour with both PSV pres-
sures.
DISCUSSION
Non-invasive mechanical ventilation delivered through a
facial or nosemask is used for acute exacerbations of pa-
tients su¡ering from chronic obstructive pulmonary dis-
ease. The rate of failure of NIV in these patients range
from 5 to 40%. (1^4,15,16).The aims of non-invasive ven-
tilation include the correction of hypoventilation and the
unloading of the inspiratory muscles. Studies speci¢cally
designed to assess the best predictors of NIVoutcomes
showed that changes in pHin the ¢rst hour of ventilation
and the clinical condition of the patients before ventila-
tion are the most powerful factors linked to success or
failure (3,15,17). However, in clinical practice, a subset of
patients with an early improvement of their initial blood
gases have to be intubated later.Recent studybyMoretti
et al. showed that in 137 acute exacerbations of COPD,
the clinical condition and arterial blood gas tensions de-
teriorated later in 31 patients (22.7%) despite an initial
success of NIV (18). Brochard also showed that 15% of
COPD patients initially successfully treated with NIV
needed endotracheal intubation after at least 48h (3).
Conversely, the absence of an immediate drop in PaCO2
does not always necessarily predict a wrong evolution
during the NIV.
Moretti et al. showed that the presence of one or
more complications at the admission together with a
lower pH and amore severe clinical condition are strong
predictors of later failure after initial success (18).That is
important to know because the relapse has a high mor-
tality rate probably because this situation caused a de-
layed intubation (18).
Collaboration (inspiratory behaviour) of the patient
duringNIV couldperhaps play a role in the success of this
technique. All COPD patients do not breathe similarly
during pressure support ventilation: some breathe ac-
tively by driving the ventilator during the whole inspira-
tion, some resist against ventilator and some are relaxed
and breathe as usual but with the inspiratory pressure
support.
In our knowledge, no work has studied the in£uence
of the inspiratory behaviour during NIV till now. So, the
aim of our study has been to analyse the e¡ects of the
inspiratory behaviours on ventilation and inspiratory
workduring PSV.The results of this study show that during PSV (10/0
H2O) in spontaneously breathing stable COPD subjects,
when compared with relaxed inspiratory behaviour, the
active behaviour (when the patient actively helps the re-
spirator) increases only slightly theventilation (VT,Ve) but
at the price of an important increase of the inspiratory
work (WOB and Wdi) with no change in breathing fre-
quency.The increased PTPdi suggests that an activebeha-
viour increases the metabolic need of the diaphragm.
Moreover, an active behaviour increases air trapping
(PEEPi). The same evolution of the ventilation and in-
spiratory work has been observed during BIPAP condi-
tions (15/5 cm H2O), but in this case the increase of air
trapping seems to be partially abolished.
Despite a correction of PEEPimeasurement according
to gastric pressure (expiratory muscles) (11), intrinsic
PEEP seems to be increased by an active behaviour
during PSV where it seems to increase air trapping.
This is much less important during BIPAP. So, in
clinical situations, in front of patients with an active be-
haviour, it could be better to use a bilevel pressure
support.
Contrary to our precedent work on normal subjects
(6), in this study, the COPD patients have a less homoge-
neous breathing during resisted behaviour and some are
not always synchronous with the respirator. Moreover,
the resisted behaviour decreases the ventilation. As ex-
pected, the e¡ective inspiratory work decreases butwe
cannotnevertheless forget that this decrease is obtained
at the price of a supplementary work of the expiratory
muscles. So, the resisted behaviour is deleterious.
So, we think that a relaxed inspiration during pres-
sure-supported spontaneous breathing is certainly pre-
ferable to active inspiratory e¡ort and to a resisted
inspiration. Some clinicians seem to be happy to observe
their patient actively helping the respirator but our re-
sults show that these inspiratory behaviours in acute ex-
acerbation of COPD patients could perhaps a¡ect the
expected bene¢cial e¡ects of PSV. An improvement of
the blood gases could then be obtained at the price of
an increased inspiratory work with long-term deleter-
ious e¡ects. A limitation of our study is that the work
has been realized in experimental conditions in stable
COPD. So, further studies are needed to con¢rm the re-
sults of this workduring acute conditions.
In summary, when comparedwith relaxed inspiratory
behaviour, an active inspiratory e¡ort increases less the
ventilation (VT,Ve) than the respiratory work (WOB and
Wdi) despite no change in breathing frequency. Intrinsic
PEEP is increased by an active behaviour during PSV10/
0. During BIPAP15/5 air trapping is less observed. A re-
sisted behaviour decreases minute ventilation. In case
of acute exacerbation in COPD patients these two
behaviours could a¡ect the expected bene¢t of PSV.
A relaxed spontaneous breathing PSV should be
encouraged.
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